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(54) PRODUCTION OF NITRIDE DISPERSED AL ALLOY MEMBER 

(57)Abstract: 

PURPOSE: To easily obtain the member having excellent rigidity, strength and wear resistance and stable 
quality by hot working the powder formed with a nitride in the surface part obtd. by heating Al alloy powder 
contg. Mg in a nitrogen atmosphere. 

CONSTITUTION: A large amt. of AIN is formed on the powder surface in a solid phase or half solid phase 
region of 500 to 600°C when the Al alloy powder contg. the Mg is prepd. and is heated in the nitrogen-contg. 
atmosphere. The Al alloy powder is plastically deformed and the AIN formed on the surface is finely ground 
and is dispersed into the Al alloy when the powder formed with the nitride in the surface part is hot worked to 
the desired phase material. The particle-dispersed Al alloy is produced in the production process for the blanl 
material of the powder in such a manner. Further, the bond between the particles of the Al alloy powder and 
the bond between the Al alloy and the AIN are intensified and the desired nitride-dispersed Al alloy member ij 
obtd. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the nitride distribution aluminum alloy characterized by the process for which the end of aluminum alloy 
powder containing Mg is prepared, the process which this powder is heated [ process ] in nitrogen content atmosphere, 
and makes the surface section of this powder generate a nitride, the process which carries out hot working of the powder 
which generated this nitride in the surface section to a request configuration member, and the shell bird clapper - the 
manufacture method of a member 



[Translation done.] 



httr»-//wwwA mHI inn an m/roi-hin/trnn w^h roi piip?ii=httn 0 / n U 0 / n ?F 0 /n?Fwww^ indl inn po in%?FTokiiiit ... 1 1 /A/200?. 



Page 1 of 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] the nitride distribution aluminum alloy which this inventions are an automobile, an aircraft, etc. 
and is used as lightweight and parts for which high rigidity, high intensity, and abrasion resistance are needed - it is 
related with the manufacture method of a member 

I 0002 ] . 11 " *J 1 A 

[Description of the Prior Art] Since specific gravity is small and specific strength is high, aluminum alloy is widely used 
for aircraft parts etc. However, if compared with steel, it has the fault of being inferior to rigidity, a high temperature 
strength, abrasion resistance, etc. In order to compensate this fault of aluminum alloy, development of aluminum alloy 
machine composite material which distributed the particle of ceramics or the staple fiber, the whisker, etc. is performed 
briskly. Among these, compared with the staple fiber or the whisker distribution aluminum alloy, fabricating, such as 
forging, is comparatively easy for the particle distribution aluminum alloy which distributed the particle of ceramics, and 
it is called material near practical use in aluminum alloy machine composite material. 

[0003] the particle distribution aluminum alloy which distributed the ceramic particle in aluminum alloy ~ as the 
manufacture method of a member, the end of aluminum alloy powder and ceramic particle which are called powder 
method are mixed, and most methods (1 1 (1988) industrial material 36- 53) of fabricating by HIP, hot extrusion, etc. are 
used Moreover, the method (1 1 (1988) industrial material 36- 53) of carrying out stirring mixture and making aluminum 
alloy molten metal called casting solidify a ceramic particle is also used. Furthermore, the manufacturing method of 
aluminum alloy composite material which is made to carry out reaction generation of the compound into aluminum alloy 
and is distributed, and the so-called in-situ process (12 (1990) light metal 40- 936) are also studied. 
[0004] 

[Problem(s) to be Solved by the Invention] In the aforementioned powder method, it holds to an elevated temperature in 
vacuum or a non-oxidizing atmosphere after mixing the end of aluminum alloy powder, and ceramic powder, and the 
adsorbate of front faces, such as hydrogen (and moisture, is removed, and after that, processing of hot extrusion, hot 
rolling, etc. is added, and it fabricates, destroying a surface oxide, and is provided as a material of cylindrical or a tabular 
Since these processes are complicated, and are long and the cost of a ceramic particle is also expensive, the particle 
distribution aluminum alloy manufactured by this method will become very expensive. Moreover, by this method, in the 
process which mixes the end of aluminum alloy powder, and ceramic powder, in order for condensation of ceramic 
powder to tend to take place and to make it distribute uniformly, know-how is required for a mixed method, and great 
time is needed. Therefore, when producing so much and using it, the stability of quality poses a problem. 
[0005] Moreover, in casting, the quality by which there was the problem and it was stabilized in the dispersibility of a 
ceramic particle is not obtained. 

[0006] Furthermore, an in-situ process is a research stage and has left the technical problem to the dispersibility of a 
resultant, and control of a size. 

[0007] This invention persons did detailed research about the problem of said conventional technology. Although it has 
the above-mentioned trouble in manufacturing aluminum alloy machine composite material by the powder method, the 
material using the end of aluminum alloy powder can attain detailed-izing of crystal grain, and detailed-ization of a 
crystallization object and a sludge, and has the mechanical property which was excellent compared with the composite 
material manufactured with casting. Then, employing the feature of a powder method efficiently, the process was simple 
than before, research was repeated wholeheartedly that the method of offering aluminum alloy machine composite 
material excellent in abrasion resistance should be developed, and the following points were perceived. 
[0008] In order to make A1N generate from aluminum alloy conventionally, aluminum alloy needed to be heated at 800 
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degrees C or more, and it needed to be made to react with nitrogen in the state of melting. Therefore, it was thought 
impossible to make the front face in the end of aluminum alloy powder generate A1N below with melting temperature, fc 
example, the temperature of 500-600 degrees C However, when this invention persons heated the end of aluminum alio) 
powder containing Mg in nitrogen-gas-atmosphere mind, they are 500-600-degree C solid phase or a half-solid phase 
field, and found out that a lot of AlN(s) generated on this powder front face. Then, this end of aluminum alloy powder is 
made to deform plastically, and when making A1N generated on the front face grind finely, as a result of thinking that a 
particle distribution aluminum alloy can be manufactured in the material manufacture process in the end of aluminum 
alloy powder and repeating research by completely different method from the former, it comes to accomplish this 
invention. . 
[0009] this invention aims at offering the manufacture method of aluminum alloy machine composite material which is 
excellent in rigidity, intensity, and abrasion resistance, and can be carried out still simpler by manufacturing a particle 
distribution aluminum alloy in the material manufacture process in the end of aluminum alloy powder like the above- 
mentioned. 
[0010] 

[Means for Solving the Problem] the nitride distribution aluminum alloy of this invention - the manufacture method of a 
member is characterized by the bird clapper from the process for which the end of aluminum alloy powder containing M; 
is prepared, the process which this powder is heated [ process ] in nitrogen content atmosphere, and makes the surface 
section of this powder generate a nitride, and the process which carries out hot working of the powder which generated 
this nitride in the surface section to a request configuration member 

[001 1] In the process for which the end of aluminum alloy powder is prepared, although Mg must be contained during th 
end of aluminum alloy powder it prepares, especially the manufacture method is not limited. Especially the method of 
heating the end of aluminum alloy powder containing Mg which is the following process in nitrogen content atmosphere 
and making a front face generate A1N is not limited. For example, a container may be made to fill up with the end of 
aluminum alloy powder, or it may fabricate by pressurization, and may consider as a green compact, and heating 
maintenance may be carried out in nitrogen gas. Moreover, you may make this powder front face generate A1N, making 
the end of aluminum alloy powder flow in nitrogen-gas-atmosphere mind using a fluid bed furnace etc. 
[0012] Next, although especially the method is not limited about the process which carries out hot working, either, it is 
good preferably to carry out by methods, such as hot extrusion or hot rolling. 
[0013] 

[Function] As described above, there is a method of carrying out heating maintenance and manufacturing pure aluminum 
powder in nitrogen gas, as a manufacturing method of A1N powder, conventionally. This method needs to make heating 
temperature 1000 degrees C or more while needing a catalyst for generation of A1N. Therefore, since aluminum is in a 
melting state, when making aluminum powder into a Plastic solid and nitriding it, it has the trouble that the configuration 
is unmaintainable. 

[0014] In the method of this invention, the end of aluminum alloy powder Mg is included first is prepared. The surface 
section is made to generate A1N at the following process in this end of aluminum alloy powder. If the end of aluminum 
alloy powder containing Mg is used, aluminum is nitrided without needing a catalyst only by heating at the low 
temperature of 500-600 degrees C in nitrogen-gas-atmosphere mind, and A1N can be generated on a powder front face, 
although it is not yet clear about the operation whose Mg under composition lowers the nitriding temperature in the end < 
aluminum alloy powder - aluminum alloy powder since a firm oxide film exists in a front face at last, it is said that it 
has barred surface reaction, such as nitriding and the further oxidization inside It is thought that Mg has the operation 
which destroys the oxide film on this front face of powder. Surface aluminum is nitrided by destruction of this oxide filn 
and it is presumed that A1N is carried out. In a 500-600 aforementioned degrees C temperature requirement, aluminum 
alloy is in solid phase or a half-solid phase field, and aluminum alloy machine composite material, i.e., an A1N 
distribution aluminum alloy, can be manufactured in the manufacture process of the material using the end of aluminum 
alloy powder. 

[001 5] In the following process, hot working is performed to the powder which generated Above A1N in the surface 
section. Since a stiff is the very weak matter, if A1N makes the end of aluminum alloy powder deform plastically with he 
working, it will destroy and it will be distributed in aluminum alloy. It can destroy finely and dispersibility of A1N also 
improves, so that workability is large at this time. Furthermore, the combination during the end of aluminum alloy powd 
and combination of aluminum alloy and A1N also become strong. 

[0016] The nitride distribution aluminum alloy member manufactured by this method comes into aluminum alloy matrix 
in the organization which A1N distributed uniformly minutely like the metal machine composite material which mixed 
ceramic powder into this aluminum alloy. Therefore, the rigidity (Young's modulus) of this aluminum alloy, a room 
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temperature and a high temperature strength, and abrasion resistance can be raised. 
[0017] 

[Effect of the Invention] According to the manufacture method of the nitride distribution aluminum alloy of this 
invention, the vacuum for performing degasifying and hot working which are performed in the material manufacture 
process in the end of aluminum alloy powder usually performed, or nonoxidizing-atmosphere heating can be performed in 
nitrogen-gas-atmosphere mind, and a nitride distribution aluminum alloy can be manufactured only by changing the 
temperature and the management conditions of time. Furthermore, it is premised on performing combination during the 
end of aluminum alloy powder with hot working, and especially cleanliness on the front face of powder is not taken as a 
problem like [ in the case of the usual powder method ]. 

[0018] In hot working, the workability is enlarged, it is only destroying A1N formed in the front face in the end of 
aluminum alloy powder, and a nitride distribution aluminum alloy member can be manufactured. Therefore, the particle 
distribution aluminum alloy excellent in rigidity, intensity, and abrasion resistance can be offered by the low cost simple. 
[0019] 

[Example] Hereafter, this invention is explained based on an example. 

[0020] (Example of this invention) 0.2 - 5% of the content of Mg in aluminum alloy is desirable. In this range, the A1N 
layer of practically sufficient thickness is generable. When Mg contains in aluminum alloy, A1N can be formed in the 
front face of this powder, without fusing the end of aluminum alloy powder. The following experiments confirmed that 
only Mg presented this operation among alloy elements. The container was filled up with the alloy containing Mg shown 
in Table 1, and each end of aluminum alloy powder it does not contain, and nitride generation processing was performed 
as heating temperature [ of 540 degrees C ], and heating holding-time 1 hour, it asked for the weight rate of change of 
each powder, and the effect of Mg was checked. The density ratio of the green compact before heating to theoretical 
density is about 50%. 
[0021] 
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[0022] As for aluminum alloy (A1050, A3003, bus available4343) with which a weight does not contain Mg during 
composition although the increase, i.e., A1N, is generated so much, in aluminum alloy (A2024, A5052, A6061, A7475) 
which contains Mg during composition, a weight is hardly changing from drawing 1 which showed the result. That is, 
A1N is hardly generated. In addition, A1N was checked according to the X diffraction. 

[0023] Moreover, particle size is 149 micrometers the end of aluminum alloy powder it prepares. The following (100- 
mesh passage) is good. Desirably, it is 20-50 micrometers. The range is good. If particle size exceeds 149 micrometers, in 
order that a surface area may decrease, while time becomes long making the nitride of the specified quantity generate, 
distribution of A1N after hot working becomes uneven. Although it is good if compared more than it in 50-100 
micrometers, in order to make it distribute uniformly, 50 micrometers or less are desirable. Moreover, since the handling 
of powder becomes bad in less than 20 micrometers, it is not desirable. 

[0024] Next, when making the end of aluminum alloy powder into a green compact, 60 - 85% of the ratio of the density ol 
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this green compact to theoretical density is desirable. A1N is so much generable, so that drawing 2 which showed the 
density ratio of the green compact before heating to the theoretical density at the time of setting the end of aluminum alio) 
powder to A2024 and the relation with the amount of A1N generation may show and the opening between lows, i.e., fine 
particles, has much density of a green compact. However, at less than 60%, this density ratio cannot hold the 
configuration of a green compact, but it becomes difficult to convey [ of a green compact ] it. In this case, a means to 
make a configuration hold needs to be filled up with the end of aluminum alloy powder in a container etc. Moreover, if 
85% is exceeded, nitrogen gas will not trespass even upon the interior of fine particles, but uniform A1N will be hard to be 
generated. 

[0025] Next, when carrying out heating maintenance of the end of aluminum alloy powder in nitrogen gas as restoration 
or a green compact at a container, this heating temperature is made into 500-600 degrees C. A low case has few amounts 
of A1N generated than 500 degrees C. Moreover, although it changes with kinds of aluminum alloy, if 550-600 degrees C 
is exceeded, the end of aluminum alloy powder fuses and the configuration of a green compact cannot be held. 
Furthermore, contraction of a Plastic solid takes place to an A1N generate time quickly, and nitrogen gas does not trespass 
even upon the interior of a Plastic solid, therefore A1N cannot be uniformly generated easily by the whole Plastic solid. 
[0026] Drawin g 3 is the result of investigating the amount of A1N generation to the heating temperature in the inside of 
the nitrogen-gas-atmosphere mind at the time of using the end of aluminum alloy powder (A2024). The density ratio of 
the green compact before heating to theoretical density is 84%, and the heating holding time is 1 hour. Drawing 3 shows 
heating temperature serving as a peak near 540 degree C, and decreasing more than by it. At an elevated temperature, 
although this nitrides the surface section of a green compact quickly, it is for the opening between powder closing, barring 
the invasion inside of nitrogen gas, and on the other hand, suppressing internal nitriding by contraction accompanying it. 
In addition, when a container is filled up with the end of aluminum alloy powder and it heats in nitrogen-gas-atmosphere 
mind, the inclination shown in drawing 3 does not change. 

[0027] The holding time is controlled according to heating temperature according to the amount of A1N generated. 
Especially the conditions of nitrogen-gas-atmosphere mind are not limited. For example, you may be the atmosphere 
furnace into which the nitrogen gas currently used for the usual industrial use is made to flow. Therefore, condition 
management is not so severe as the atmosphere for degasifying. Moreover, when filling up a container and generating 
A1N, in order to make A1N form uniformly, after performing once processing, it is good to reverse the release section and 
the pars basilaris ossis occipitalis of a container, and to carry out reheating maintenance further. 
[0028] Moreover, when filling up a container with the end of aluminum alloy powder and making a nitride generate, 
heating temperature and time are the same as that of the case of a green compact almost. 

[0029] Moreover, as the end of aluminum alloy powder may not solidify in formation of A1N using the fluid bed furnace 
which uses nitrogen gas for the gas for fluidization, it may heat in nitrogen gas, and you may manufacture the end of 
aluminum alloy powder which made the uniform A1N layer form in a front face. At this time, the heating temperature 
requirement is the same as that of the above, and the heating holding time as well as the above is controlled according to 
heating temperature according to the amount of A1N made to generate. Green-compact fabrication is carried out, this end 
of an A1N alloy powder that made this A1N layer generate is heated, and the next hot working is performed. 
[0030] Thus, the amount of AlN(s) composite-ized into aluminum alloy is controllable the density of a green compact, 
heating temperature, and by managing heating time further. 

[0031] Next, as long as hot working can give plastic deformation uniformly to the whole aluminum alloy powder-molding 
object, it may not limit especially and methods, such as hot extrusion usually performed, hot rolling or forging, and a 
swage, may be used for it. The range of a working temperature of 400-500 degrees C is desirable. As for hot working, it is 
good to carry out, after reheating to hot-working temperature, once cooling the Plastic solid in the end of aluminum alloy 
powder heated at 500-600 degrees C in nitrogen-gas-atmosphere mind to direct hot-working temperature or cooling to a 
room temperature. It is good to heat in a vacuum or nonoxidizing atmosphere desirably. As for hot working, it is good to 
heat a die temperature at 300-500 degrees C in order to suppress cooling under processing by metal mold. It is good to 
make equal the hot-working temperature which is the temperature of a Plastic solid desirably, and a die temperature. 
Thereby, a working temperature with the highest ductility of a Plastic solid and a working speed can be chosen. 
[0032] When based on hot extrusion, as for an extrusion ratio, ten or more are desirable. Less than by ten, A1N formed in 
the front face in this end of aluminum alloy powder cannot be destroyed finely, and it cannot distribute uniformly. An 
extrusion ratio is so good that it is large, the deformation resistance of aluminum alloy which extrudes the upper limit of 
an extrusion ratio with extrusion temperature, and is decided from speed, and metal mold » what is necessary is just to 
decide by the relation with intensity 

[0033] Also about hot rolling, rolling conditions, i.e., a working temperature, the working speed, and the die temperature 
are the same as that of hot extrusion, and 80% or more of the rolling reduction showing workability is desirable. 
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[0034] (Example) 

[0035] (Manufacture of a nitride distribution aluminum alloy) Particle size prepared the aluminum alloy-powder end 
(A2024) of below 74 micrometers (200-mesh passage). Next, after considering as the green compact on the processing 
conditions which show this powder in Table 2 and performing nitriding treatment, hot extrusion was performed, it heat- 
treated further (T6 processing), and the nitride distribution aluminum alloy member (examples A, B, and C) was 



produced. 
[0036] 
[Table 2] 
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[0037] Drawing 4 shows the result which solidified a part of sample (example C) which carried out nitriding treatment 
with coining between heat, and analyzed the metal texture of a sample cross section by EPMA. As for the film made on 
A2024 powder front face, this result shows that aluminum and N are principal components. Moreover, the crystal 
structure of this sample was also investigated with the X-ray diffraction method. Consequently, the film made on A2024 
powder front face is dense hexagonal A1N, and is not a compound containing Mg. According to the chemistry handbook 
in crystallized A1N, Mohs hardness is the very hard matter of 9. 

[0038] Hot extrusion was performed by the heating temperature of 500 degrees C, 350 degrees C of die temperatures, and 
the extrusion ratio 12, and ground A1N formed in the front face in the end of aluminum alloy powder. Then, T6 processing 
(490-degree-C and 180 degrees-C x 8 hours of solution-ized aging) of the sample was carried out. In this way, the rate of 
A1N volume, hardness, tensile strength, and elongation were measured using the made nitride distribution aluminum 
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alloy. 

[0039] Moreover, three sorts, A2024 (example CI of comparison) which is not performing nitriding treatment, A2024 
(example C2 of comparison) which distributed 2% of SiC powder (particle size of 2 micrometers), and an antifriction 
aluminum alloy (aluminum- 17%Si alloy) (example C3 of comparison), were prepared as an example of comparison. The 
antifriction aluminum alloy carried out hot working of the end of a rapidly solidified powder, and the SiC distribution 
A2024 processed SiC powder and A2024 powder between mixed post heating, and produced them, respectively. These 
are the dispersion-strengthening aluminum alloys which made Si row distribute SiC, and are used as a wear-resistant 
material. About CI, the rate of A1N volume, hardness, tensile strength, and elongation were measured like the example 
among the samples of the example of these comparison. Moreover, about the examples C2 and C3 of comparison, the 
wear-resistant examination which combines with CI and carries out a postscript was also performed. 
[0040] The rate of A1N volume measured the specific gravity after extrusion, and asked for it by calculation from A2024 
alloy and the specific gravity of A1N. Hardness was measured using the Vickers hardness meter. The load was set to 1kg 
at this time. Tensile strength was measured by the universal testing machine. At this time, 5mm and the distance between 
the gage marks of the diameter of the used test piece are 30mm. In addition, the direction of extrusion of a material was 
made into the direction of tension of a test piece in this test piece manufacture. Moreover, elongation measured and found 
the distance between the gage marks after fracture. 

[0041] The measurement result of each aforementioned item is also simultaneously shown in Table 2. It turns out that 
elongation is falling by hardness and tensile strength increasing from this result, so that the rate of volume of A1N is large. 
Moreover, such measured value shows the value which was excellent in all compared with the sample of A2024 which is 
not performing nitriding treatment shown as an example of comparison. 

[0042] The photograph of the metal texture of the cross section of the sample corresponding to A, B, and C is shown in 
drawing 5 among Table 2. A1N which generated all on the front face in the end of aluminum alloy powder is ground, and 
signs that A1N is distributing in aluminum alloy matrix are observed. 

[0043] (Wear-resistant examination) The wear-resistant examination was performed using the test piece of A, B, and C 
which were manufactured by the method of this example shown in Table 2. The examination was performed by the pin-on 
disc method. S55C (Hv300) was used for the pin test piece at disk material (partner material) using the test piece of A, B, 
and C shown in Table 2. It sets in the base oil (additive-free mineral oil) held at 100 degrees C, and is 2 50 kgf/mm planar 
pressure. Made the disk carry out pressurization contact of the pin, set sliding speed as 0.3 m/s, it was made to slide for 30 
minutes, a subsequent pin and weight change of a disk were measured, and abrasion loss was calculated. 
[0044] A test result is shown in drawing 6 with the example of comparison. In this drawing, a horizontal axis shows the 
kind of test piece and a vertical axis shows weight change of a pin and a disk. Most disks which the nitride distribution 
aluminum alloy manufactured by the method of this example has little abrasion loss, and are partner material are not worn 
out. It has stopped furthermore, almost wearing out as the amount of generation of A1N increases. This shows that the 
A1N distribution aluminum alloy manufactured by the method of this example has the outstanding abrasion resistance. 



[Translation done.] 
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